ABSTRACT
Esophageal squamous cell carcinoma (ESCC) exhibits abnormalities in epidermal growth factor receptor (EGFR) gene. To identify a prognostic marker, the overexpression of EGFR protein, mutations in EGFR and p53 mutations were analyzed in pretreatment biopsy specimens removed from T3-4 and/or M1 LYM ESCC patients who received chemoradiotherapy. A silent mutation comprised of a single nucleotide polymorphism (SNP) at codon 787 of exon 20 of the EGFR gene was found in 19 patients (33%). In multivariate analysis, a significant difference was seen in the overall survival (odds ratio; 2.347, 95% confidence interval; 1.183-4.656, p=0.015) between patients with and without the EGFR heterozygous genotype. Among the 57 eligible patients, 3-year survival rates was 21%, while in patients with EGFR heterozygous genotype the rate were 0%. However, neither overexpression of EGFR nor p53 mutations was associated with the overall survival. These results suggest that the EGFR SNP at codon 787 of exon 20 determined in pretreatment biopsy specimens may be a clinically useful biomarker for predicting the prognosis of ESCC patients.
INTRODUCTION
In 2000, esophageal cancer was estimated to cause 338,000 deaths worldwide (1) . The number of patients with esophageal adenocarcinoma has been increasing in Western countries, while the great majority of these lesions are esophageal squamous cell carcinomas (ESCC) (1) . In Japanese patients, 95% of esophageal cancers are squamous cell carcinomas (2) . Despite recent advances in the surgical treatment of ESCC, surgical outcome remains unsatisfactory with overall 5-year survival rates from various countries ranging between 17-39% (2-7). In contrast, recent reports on chemoradiotherapy (CRT) as a definitive and preoperative treatment have indicated various advantages in managing esophageal carcinoma (8) (9) (10) (11) (12) . Standard CRT alone has curative potential for locally advanced ESCC, such as T4 and/or M1 lymph node (LYM) cases, while the 3-year survival rate of patients with T4 and/or M1 LYM disease ranged from 17-23% (11, 12) . One strategy to improve the outcome of patients treated with CRT is to select treatment responders or long-term survivors for directed therapy, which may lead to further improvements in outcomes when it is coupled with greater understanding of the molecular basis of ESCC. In particular, molecular biomarkers of tumor behavior are potentially powerful tools for predicting outcome and identifying targets for directed therapy.
Molecular biological studies have confirmed that carcinomas develop when genetic and epigenetic alterations of multiple genes accumulate in human cells. Some of these genes are likely to play crucial roles in the acquisition of resistance to chemotherapeutic agents and radiation. However, the results of many reports are controversial. The tumor suppressor gene, p53, which induces cell-cycle arrest or triggers apoptosis in response to DNA damage, is mutated in various cancers. A significant correlation between p53 mutation and response to chemotherapy and radiation therapy has been demonstrated in vivo and in vitro (13, 14) . However, association between overall survival and presence of p53 gene mutation is controversial. One putative biomarker is epidermal growth factor receptor (EGFR), a transmembrane protein with intrinsic tyrosine kinase (TK) activity (15, 16) . Binding of specific ligands, such as epidermal growth factor and transforming growth factor-α, results in the homodimerization of EGFR or in heterodimerization with another member of the EGFR family of receptors. In turn, this homo-or heterodimerization stimulates phosphorylation of the intracellular TK on the receptor, activating various downstream signal-transduction pathways that ultimately regulate cell proliferation, migration, adhesion, differentiation, and survival (17) . In 2004, three groups demonstrated the mutations in EGFR TK domain among patients with non-small cell lung cancer and showed a striking correlation between the gefitinib sensitivity and TK domain mutations (18) (19) (20) . Subsequently, many reports demonstrated that the mutations of EGFR gene are detected in two specific regions such as an in-frame deletion in exon 19 and a missense mutation at the second nucleotide of codon 858 in exon 21 (18) (19) (20) (21) (22) (23) (24) . Protein overexpression or gene amplification of EGFR has been reported in a subset of various tumors (25) (26) (27) (28) (29) . Increased EGFR expression has been associated with advanced disease, development of metastasis, and poor prognosis.
This study was designed to identify useful prognostic markers in patients with T3-4 and/or M1 LYM disease of ESCC given a combination of 5-fluorouracil (5-FU) and cisplatin (CDDP) with radiotherapy in the same regimen. Because of the previous reports described above, we focused to analyze mutations using polymerase chain reaction (PCR) in the exon 18, 19, 20, and 21 of EGFR gene as candidates of prognostic biological markers. The multivariate analysis of the EGFR mutation and other factors with patient characteristics suggested a significant association of the polymorphism with poor prognosis of the patients with esophageal squamous cell carcinoma. 
PATIENTS AND METHODS

Patients
Treatment Schedule
Chemotherapy consisted of a protracted infusion of 5-FU (400 mg/m 2 /day) on days 1-5 and 8-12, combined with CDDP (40 mg/m 2 /day) with adequate hydration on days 1 and 8 (11, 12) . This schedule was repeated twice every 5 weeks. Radiation therapy using 10-megavoltage Xrays was started on day 1 concomitantly with chemotherapy. There was a 2-week break after a dose of 30 Gy. Radiation therapy was restarted on day 36, along with the same chemotherapy schedule used before. For patients who showed an objective response to treatment, additional chemotherapy was administered and consisted of a protracted infusion of 5-FU (800 mg/m 2 /day) on days 1-5 and a 2-hour infusion of CDDP (80 mg/m 2 /day) on day 1. This treatment was repeated every 4 weeks for two courses. Additional courses of chemotherapy were optional but limited to a total of four courses. No further treatment was administered if no disease progression was observed.
Evaluation of response to chemoradiotherapy
Tumor status was assessed at baseline, every 4 weeks during treatment, by endoscopy, and neck, chest and abdominal CT scans. Follow-up evaluations after CRT were performed every 3 months for the first 2 years and every 6 months thereafter by endoscopy and CT scan. For measurable lesions (≤ 1 cm), response was assessed using the World Health Organization (WHO) criteria.
For primary tumors, the complete response was defined as disappearance of all visible tumors, including ulceration for at least 4 weeks, confirmed by normal endoscopic biopsy specimens.
Sample collection
Specimens of both primary tumors and nontumors were obtained from patients with esophageal squamous cell carcinoma, using biopsy specimens taken at the time of the initial diagnosis. Two types of biopsy specimens were endoscopically taken: tumor sample from the Lugol-unstained portion of the carcinoma and the nontumor sample from normally stained background epithelium (30). Tumor specimens were obtained from the same point with each specimen divided into two samples, one of which was used for DNA extraction and the other for histologic diagnosis. DNA extraction was not performed in specimens where cancer cells were not histologically confirmed. All samples were stored at -80°C before DNA extraction.
DNA extraction
For amplification of DNA fragments in frozen tissue, 50 ng of DNA was subjected to 30 cycles of 94°C for 30 seconds, 55°C for 30 seconds and 72°C for 1 minute. To purify and visualize polymerase chain reaction (PCR) products, the PCR products were electrophoresed on 2% agarose gels, and stained with ethidium bromide. DNA was extracted by an ethanol/xylene method (31).
Analysis of the EGFR and p53 genes
Specimens were mixed with 50 µl of digestion buffer (0.04% proteinase K, 10 mM Tris-HCl at pH 8.0, 1 mM EDTA, and 1% Tween-20) and incubated at 37°C for 18 hours. DNA fragments obtained were subjected to the DNA sequencing analysis for identification of mutations in EGFR exons 18, 19, 20 , and 21 and in p53 exons 5, 6, 7, and 8. Primers used for PCR amplification of the EGFR gene were as follows: For exon 18, these were 5'-AGCATGGTGAGGGCTGAGGT and 5'-ACCAGACCATGAGAGGCCCT; for exon 19, they were 5'-AGCATGTGGCACCATCTCAC and 5'-AGAGCAGCTGCCAGACATGA; for exon 20, they were 5'-CCATGCGAAGCCACACTGAC and 5'-TGCTATCCCAGGAGCGCAGA; for exon 21, they were 5'-TCTGTCCCTCACAGCAGGGT and 5'-TACAGCTAGTGGGAAGGCAG. Primers used for PCR amplification of the p53 gene were as follows: For exon 5, these were 5'-TTCACTTGTGCCCTGATTTC and 5'-CTCTCCAGCCCCAGCTGCTC; for exon 6, they were 5'-ATTCCTCACTGATTGCTCC and 5'-TCCTCCCAGAGACCCCAGTT; for exon 7, they were 5'-ACAGGTCCTCCCCAAGGCGCA and 5'-TGTGCAGGGTGGCAAGTGGCT; for exon 8, they were 5'-GTAGGACCTGATTTCCTTACTGCC and 5'-CTTGGTCTCCTCCACCGCTTCTTG. PCR reaction mixtures had a final volume of 20 µl, containing 0.4 µl of 50xAdvantage-HF Polymerase Mix (CLONTECH, Palo Alto, CA), 0.4 µmol of each primer, 2 µl of each 10XHF 2 deoxyribonucleoside triphosphatase, 10xHF 2 PCR buffer (CLONTECH), and 12 µl of PCR-grade H 2 O. Extracted DNA was subjected to 40 cycles in a three-step sequence including 95°C for 15 seconds, 60°C for 30 seconds, and 72°C for 1 minute. For visualization of PCR products, these were electrophoresed at 100 V on 2% agarose gels containing ethidium bromide for 50 minutes. For sequencing, the PCR products were purified using a 10×Ex Taq buffer (Takara, Tokyo, Japan). The PCR products were purified and directly sequenced using a 3100 Sequencing machine (Applied Biosystems, Foster City, CA). Peak patterns were analyzed using Sequencing Analysis Software (Applied Biosystems, Foster City, CA), and mutations and amino acid changes were identified. Sequences with deletion or mutation were verified with both forward and reverse sequencing analyses.
To confirm the EGFR SNP, the products of exon 20 were sequenced using another primer, with the forward primer shifted 20 bases upstream: 5'-GTCTTCACCTGGAAGGGGTC and the reverse primer shifted 80 bases upstream: 5'-GCTCCCAGTACCTGCTCAAC.
Immunofluorescence
For immunofluorescence, consecutive slices of samples were used for histologic diagnosis. Sections were deparaffinized in xylene, followed by treatment with a graded series of alcohol and rehydrated in PBS (pH 7.5). Sections were heated in an autoclave for 20 
Immunofluorescence staining was assessed by a pathologist (MK) in our hospital. To evaluate the staining of EGFR, a significant staining of more than 10% of tumor cells was considered to be positive. The percentage of cells displaying the same intensity of staining was evaluated.
Statistical Analysis
Survival time was measured from the initiation of the first course of treatment to the date of death or to the final date of confirmation of survival. The χ 2 test and Fisher's exact test were used to determine any association between any of the clinical covariates. Univariate analysis for survival was assessed according to log-rank tests. The influence of each biological variable on patient survival was assessed by the Cox proportional hazards model. T and M factors were adjusted in comparison with the two groups. P-values of less than 0.05 were considered significant.
RESULTS
Patient Characteristics
Clinicopathological features of the patients in this study are shown in Table 1 . In terms of T stage, 20 patients had T3 disease, 37 patients had T4 disease. Clinically involved sites in the 37 cases with T4 disease were thoracic aorta (25 patients), tracheobronchial tree (11 patients), and both sites (1 patient). In terms of M stage, 22 patients had M0 disease, and 25 patients had M1 LYM disease. There were no patients with distant organ metastasis. Five patients had cervical node metastasis, 19 had abdominal nodes, and 1 had metastases in both nodes. Fifty-five patients (96%) completed at least the CRT segment with a total radiation dose of 60 Gy. The remaining 2 patients did not complete chemoradiotherapy; 1 experienced disease progression, and 1 died due to treatment-related esophagoaortic fistula. Eleven patients (19%) received one additional course of only chemotherapy, and 34 patients (60%), 5 patients (9%), and 3 patients (5%) received an additional two, three, and four courses, respectively.
EGFR single nucleotide polymorphism
Of the 57 ESCC patients, EGFR mutation wa analyzed at exon 18-21 since the most mutations of EGFR gene were localized in specific regions, exon 18, 19, and 21 (18) (19) (20) (21) (22) (23) (24) . A mutation, at codon 787 of exon 20 from G (guanine) to A (adenine), was found in 19 patients (33%) and it was silent, CAG (Gln) to CAA (Gln) (Figure 1 ). The DNA of the non-tumor sample taken from the same patient were sequenced and also showed the nucleotide substitution, suggesting that the single nucleotide substitution (G to A) is due to the genetic polymorphism. Furthermore, by using another primer, the products of exon 20 were sequenced to confirm the mutation. Based upon the sequencing analysis, genotypes of all 19 cases are heterozygous. This result is consistent with the polymorphism of EGFR gene deposited in the NCBI database (32).
Immunofluorescent analysis of EGFR
Based upon the immunofluorescent analysis, EGFR protein was overexpressed in 39 (68%) of 57 tumor biopsy specimens, but not in any non-tumor biopsy specimens. The EGFR protein was localized on membranes ( Figure 2) but not in the cytoplasm of tumor cells although the cell membrane of non-tumor cells was not stained. The EGFR mutation in exon 20 was found in 16 (41%) of 39 patients with overexpression and in 3 (16%) of 18 patients without overexpression (p=0.069), suggesting that EGFR overexpression is not associated with the mutation in exon 20.
p53 mutations in esophageal carcinoma
The p53 mutation was found in 25 (44%) of 57 patients with esophageal carcinoma. Among these 25 samples, mutations of the p53 gene were identified as follows: 10 in exon 5; 4 in exon 6; 7 in exon 7; and 4 in exon 8. Of these 25 mutations, 22 (88%) were missense mutations leading to an amino acid substitution while 2 (8%) were nonsense mutations resulting in insertion of a stop codon. One mutation (4%) represented frameshift. Hotspot mutations, which represent protein alterations that provide a selective growth advantage to the cell (33), were found in 9 of 25 patients (36%) with a p53 mutation. No mutation was found in samples of non-tumor tissues.
Clinical response and survival
Of the 57 eligible patients, 25 (44%) achieved CR. The median survival time of the 57 patients was 12 months. The survival of the patients has not yet reached the median time. One-and 3-year overall survival rates were 47% (27 of 57) and 21% (12 of 57), respectively ( Table 2 ).
Survival analysis used the Cox proportional hazards model to determine whether any of the clinical covariates or marker data predicted survival. The overall survival rate of patients with the EGFR mutation in exon 20 was lower than that of the patient without the mutation (OR, 2.347; 95%CI, 1.183-4.656; p=0.015) (Figure 3 , Table 3 ). No patients with the EGFR mutation attained 3-year survival (maximum survival; 27 months), while 32% (12 of 38) of patients without the mutation attained 3-year survival. In contrast, there was no significant difference in survival between patients with or without the p53 mutations (p=0.187). In addition, the survival rate was not significantly different between patients with and without EGFR overexpression (p=0.743). In the Cox proportional hazard model, the EGFR mutation in exon 20 was the only independent predictor for poor survival (p=0.015, Table 3 ). Age, gender, Immunofluorescence of EGFR, SNP of EGFR gene, and p53 mutation were included in a multivariate Cox proportional hazard model. For each variable, < 65 years, male gender, absence of immunofluorescence of EGFR, SNP of heterozygote, and absence of p53 mutation were set as reference levels. 95% CI, 95% confidence interval; IF, Immunofluorescence; EGFR, epidermal growth factor receptor; SNP, single nucleotide polymorphism. 
DISCUSSION
In the present study, the usefulness of molecular biomarkers was examined in regard to prognosis in patients with T3-4 and/or M1 LYM ESCC who were treated with definitive CRT. Although mutations of the EGFR gene found in lung cancers, such as an in-frame deletion in exon 19 and a missense mutation at the second nucleotide of codon 858 in exon 21, were not found in ESCC patients in our study, a single nucleotide polymorphism (SNP) of the EGFR gene was detected at codon 787 in exon 20. This SNP was not associated with the genetic susceptibility of lung cancer (34) , however, our results revealed that ESCC patients with the SNP of EGFR gene have an increased risk of an unfavorable prognosis. No patients with heterozygous genotype in this SNP attained 3-year survival, while 3-year survival rates were 21% in the eligible 57 patients. In contrast, overexpression of EGFR protein determined immunofluorescent staining and p53 mutational status were not related to predictive prognostic factors. Results from multivariate analysis emphasize that the SNP of the EGFR heterozygous genotype was an independent poor prognostic factor for CRT.
Recent studies have reported the importance of intratumoral genetic mutations within functional domains of the EGFR gene in relation to response to gefitinib (commonly known as Iressa), an EGFR tyrosine kinase inhibitor, in lung cancer (35) (36) (37) . Most of the responders had a deletion in exon 19 or point mutation in exon 18 or 21 of the EGFR gene, which are the coding sequences for the amino acids in the tyrosine kinase domains. In contrast, none of the non-responders had these mutations. It would be of great interest to assemble a more comprehensive picture that includes functional polymorphic variations as well as mutations, and assess their individual and/or collective predictive value to a given treatment. In our present study, a mutation at codon 787 in exon 20 was found in the individual samples of carcinoma tissues as well as non-tumor tissues, suggesting that the mutation is a polymorphism as found in NCBI database. This base change from "G" to "A" causes no alteration of amino-acid (Gln to Gln).
Generally, SNPs are small genetic changes, or variations, that can occur within a person's genome sequence. Some reports have shown that certain SNPs of growth factors are associated with tumorigenesis in malignant melanoma, breast cancer, and prostatic adenocarcinoma (38-41). Papadopoulou et al. reported that serum HER-2 could be clinically used as a useful tumor marker for the diagnosis and the progression of breast cancer (42) . Furthermore, they provided a clinical evidence that HER-2 Ile655Val SNP does affect serum HER-2 levels and it can be regarded as a predictive biomarker for breast cancer patients with poor prognosis. Since the SNP alters the amino acid from Ile to Val, the SNP may influence the function of the gene product, suggesting that loss of gene function would bring poor prognosis in patients with HER-2 Ile655Val SNP. Among the SNPs in the EGFR gene, a SNP 181946C>T (Asp994Asp) was reported that the 181946C homozygous and 181946C + T heterozygous genotypes were associated with a significantly increased risk of lung cancer compared with the 181946T homozygous although the SNP 162093G>A (Gln787Gln) had no association with a risk of lung cancer (34) . Intriguingly, our present study strongly suggested that the 162093G + A (Gln787Gln) heterozygous genotype was associated with poor prognosis in ESCC patients compared with the homozygous genotype of the 162093G. The mechanism underlying the association of the 162093G>A polymorphism with ESCC remains to be elucidated. In addition to the involvement of the silent mutation in the cancer risk, it could be also important that the 162093G>A polymorphism was associated with a risk of ESCC but not with a risk of lung cancer.
In contrast, the presence of EGFR overexpression in ESCC patients ranged from 49-68% (27, (43) (44) (45) . Hanawa et al. reported that protein overexpression of ESCC was significantly correlated with the depth of tumor invasion: the frequency of overexpression in T2, 3 and 4 tumors was significantly higher than that in Tis and T1 tumors (p < 0.0001). However, univariate analysis revealed no significant difference in survival rates with respect to protein overexpression (43) . In our study, there was no significant difference between EGFR overexpression and survival because all patients had T3 or T4 disease. Furthermore, there was no significant difference in incidence between EGFR overexpression and EGFR 162093G + A heterozygous genotype (p=0.069). Our results suggested that cases with the EGFR SNP heterozygous genotype do not result in EGFR overexpression.
In summary, polymorphism of the EGFR gene may be associated with treatment efficacy and survival in patients with locally advanced esophageal carcinoma who were treated with definitive CRT. In this context, our results emphasize that SNPs of the EGFR gene are potentially useful prognostic markers in patients treated with CRT because the EGFR SNP 162093G + A heterozygous genotype was the only independent predictor for poor survival in the Cox proportional hazard model. Furthermore, the prognosis of ESCC patients with the heterozygous genotype was fatal. To our knowledge, this is the first study that shows a relationship between EGFR gene polymorphisms and resistance to treatment or unfavorable prognosis in patients with locally advanced ESCC treated with definitive CRT. We believe that assessment of EGFR Gln787Gln SNP may aid in the prediction of CRT in ESCC.
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